Estimates of physician effectiveness were derived from a linear combination of coefficients estimated in the survival model. Assume that:
X4 denotes the total number of visits to any physician, and X5 denotes all other patient characteristics.
The following proportional hazards regression model was fit: Note that these patients have the same number of total physician visits. This number is included in the model to adjust for overall illness severity and health needs. Patient 1 has had one additional visit to a community physician than has patient 2, while patient 2 has had one additional visit to a hospital physician than has patient 1. Assuming that the two patients are similar in all other aspects, model (1) becomes:
log(h, ) = ~'(t) + fl, (n + 1) + ,82 (k) + f13 (m) + ~4 (F/-4"-k + m + l) + flsx2,5 for patient 1.
log(h2)=~z(t)+fl~(n)+fl2(k)+fl3(m+l)+fl4(n+k+m+l)+flsx2, s for patient 2.
Comparing the differences in log-hazard ratios for the two patients, we have that:
log(h2)-log(l~)=-fll+fl3. Thus, we have that: logiC-/= f13-ill. Finally, h~=exp(fl3-fll)h, Therefore, we can determine the adjusted hazard ratio for one additional visit to a hospital physician compared to an additional visit to a community physician. (Appendix C, available at www.jgim.org ). We hypothesized that hospital physician follow-up should be more beneficial in the former diagnoses. Finally, similar to previous studies, 38 we conducted the analysis separately for the 100 most common discharge diagnoses and used the Sign test 39 to determine whether the number of diagnoses in which hospital physician follow-up was protective exceeded that expected by chance.
RESULTS
During the study period, 2,607,416 adults had a nonelective hospitalization. Some 1,668,583 hospitalizations were excluded because the patient died during the hospitalization ( n = 89,756), the patient was transferred to or from another hospital ( n = 97,885), the patient had an invalid Ontario Health Insurance Plan (OHIP) number ( n = 5), the patient was discharged from an excluded hospital ( n = 19,287), the patient was an outlier ( n = 14,614), the patient was missing data ( n = 19,246), or the hospitalization was randomly excluded because the patient had other hospitalizations during the study period ( n = 1,427,790). This left 938,833 patients in the study (Table 1) . Most patients had Charlson-Deyo scores of zero. The most common medical diagnostic groups included acute gastroenteritis or gastrointestinal bleeding (8.6% of medical diagnoses), pneumonia (5.1%), and chest pain (5.1%). For surgery, the most common groups included acute fractures (8.8%), appendectomy (7.3%), and laparoscopic cholecystectomy (6.1%). Patients were spread equally through the 5 study years and came from 185 different hospitals. During the entire study, 43.5% of patients were treated in hospital by a physician who had seen them during the 3 months prior to admission. This proportion decreased steadily through the study from 45.6% in 1995 to 41.0% in 1999.
Overall, 71,944 (7.7%) patients had an event (Table 1) . Deaths accounted for 14.6% of events. The risk of death or readmission was highest if patients were older, had been hospitalized in the last 6 months, had a diagnostic group with a high-risk score, or had a medical admission ( Table 1) . The relative risk of death or readmission decreased 3% with each year beyond 1995 (independent hazard ratio, 0.97; 95% confidence interval [CI], 0.96 to 0.98). The univariate analysis showed that the risk of death or readmission increased with each additional visit with all physicians, with community physicians, with specialists, or with hospital physicians (Table 1) .
Patients had a median of 2 physician visits in the first month after discharge (Table 1) . Approximately half of these were with hospital physicians. Of the patients, 751,775 (80.1%) had one or more physician visits, 473,814 (50.5%) saw one or more community physicians, 448,035 (47.7%) saw one or more specialists, and 662,029 (70.5%) saw one or more hospital physicians. Patients who saw hospital physicians appeared sicker because they were older, had higher Charlson and diagnostic risk scores, and were more likely to have a medical admission ( Table 2 ). This was true even when patients with no follow-up visits were excluded ( Table 2) . After controlling for important confounders, patients were significantly less likely to die or be readmitted if they were seen in follow-up by a hospital physician rather than a community physician (hazard ratio, 0.95; 95% CI, 0.95 to 0.96) or specialist (hazard ratio, 0.97; 95% CI, 0.97 to 0.98; Table 3 ). This means that the relative risk of death or readmission decreased by 5% (95% CI, 2% to 4%) when patients followed up with a hospital rather than a community physician. Given a baseline risk of 7.7%, the adjusted risk of 30-day death or nonelective readmission would be 7.3%, 7.0%, and 6.6% for patients who had 1, 2, or 3 visits, respectively, with a hospital rather than a community physician.
The protective effect of hospital physician follow-up was consistent within important subgroups with some possible exceptions (Table 4 ). Compared to community physicians, hospital physician follow-up was significantly protective for all subgroups except patients with previous hospitalizations. Compared to specialists, hospital physician follow-up was significantly protective for all subgroups except those with previous hospitalizations, elderly patients, and those with high-risk diagnoses. The benefit of hospital physician follow-up appeared to decrease as the diagnostic risk score increased. Protection with hospital physician follow-up remained when the analysis was limited to patients whose total number of postdischarge visits did not exceed the 75th percentile. Hospital physician follow-up was more effective for diagnoses thought likely be sensitive to hospital physician follow-up (Table 4 ; Appendix C, online). Followup with a hospital physician versus a community physician was equally beneficial when analysis was limited to patients who were not seen in hospital by community physicians (hazard ratio, 0.95; 95% CI, 0.95 to 0.96). Finally, followup with a hospital physician appeared protective (i.e., had a hazard ratio of less than 1.0) for 70 out of the 100 most common diagnoses, which significantly exceeds that expected by chance ( P < .0001).
DISCUSSION
Using population-based administrative databases over a 5-year period, we found that patients having hospital physician follow-up were significantly and independently less likely to die or get urgently readmitted to hospital in the first 30 days following discharge. After controlling for other important factors, the risk of death or readmission decreased when patients were seen by a hospital physician rather than by another physician. This association was consistent across important subgroups.
Although the effect of hospital physician follow-up was smaller than other factors, our findings are still important. Nonelective readmission and death are both clearly important outcomes and any decrease in their frequency is desirable. These events affect many people, thereby making even small decreases in their frequency significant. The effect of hospital physician follow-up is cumulative so that the risk of death or readmission decreases with each visit. Most importantly, hospital physician follow-up is a potentially modifiable factor that could decrease the risk of bad outcomes post discharge.
In contrast to continuity of care in the community, [40] [41] [42] [43] the effect of continuity of care with hospital physicians has not been studied extensively. Several issues explain why our results differ from those of Weinberger et al. 24 We only examined the first 30 days after discharge from hospital. Our study included all Ontario hospitals and a diverse patient population. Also, all of the hospital physicians in our study treated the patients during, and commonly throughout, their hospitalization. Because our study was population based, included readmissions to all hospitals, and adjusted for important confounders, we believe that it is a very representative assessment of the effect that continuity of care after discharge from hospital has upon patient outcomes. Hospital physician follow-up could improve outcomes through several mechanisms. Hospital information is often inadequately transferred to community physicians 17 and is key to evaluating a patient in the early postdischarge time period. Familiarity with the hospital course allows followup physicians to determine therapeutic effectiveness and identify complications of hospital therapies or procedures.
Complications that are dealt with early could avoid more serious subsequent problems. Finally, patients are often discharged from hospital with problems that are improving
but not yet resolved. Therefore, patients seen early following discharge from hospital can still be very ill. If a physician does not know that a particular patient was worse when they were admitted to hospital, their condition could be interpreted as a deterioration requiring readmission. This last point highlights a limitation of our study. Although we measured urgent readmissions to all Ontario hospitals, we were unable to determine the appropriateness of these readmissions. As with any health service, physician practice patterns can influence the decision to admit a patient, possibly independent of a patient's clinical status. Other factors extraneous to the patient's health can also modify the decision to admit a patient to hospital. Despite the "noise" that these factors introduce to this outcome, we still found an independent and significant association between hospital physician follow-up and improved outcomes.
Several aspects of our data support a cause-and-effect relationship between hospital physician follow-up and improved outcomes. 44 There are many reasons to expect better outcomes with hospital physician follow-up. We found a dose-response effect with further improvement of outcomes with each additional hospital physician visit. Our association was consistent in several distinct populations. Finally, there is no ambiguity in the timing of the hospital physician visit in relation to the death or readmission. However, our study does not absolutely establish better outcomes with hospital physician follow-up. Relative to other factors, the independent association of hospital Table 3 . F/U, follow-up.
physician follow-up is small. Hospital physician follow-up was not enormously more successful in diagnoses that we thought would be more sensitive to such visits, although this classification is admittedly rather crude and very susceptible to exceptions. This could be from our inability to control for factors that might contribute to outcomes, such as hospital quality of care. [45] [46] [47] [48] Our study also did not measure or control for dissemination of patient-specific information after discharge from hospital, which may influence patient outcomes. 16 Finally, although the analysis adjusted for many important factors that could influence patient outcome and the results were very consistent in many pertinent subgroups, there still remains a possibility that patients who are seen in follow-up by hospital physicians are systematically distinct from those who are followed by community physicians in important factors that are not measured in the databases used in this study. A better understanding of the effect that hospital physician followup has upon patient outcomes requires further research. What should physicians, patients, and administrators do until such evidence is available? We believe that patients who require physician assessment after being discharged from hospital should be seen by physicians who actually cared for them during the hospitalization. At the very least, physicians who see the patient should have access to as much information regarding the hospitalization as possible.
